Factors determining the occurrence of late potentials on the signal-averaged electrocardiogram after a first myocardial infarction: A multivariate analysis  by de Chillou, Christian et al.
1638
Factors Determining the Occurrence of Late Potentials on the Signal-
Averaged Electrocardiogram After a First Myocardial Infarction
:
A Multivariate Analysis
CHRISTIAN of
CHILLOU, MD, NICOLAS SADOUL, MD, SERGE BRIANQON, MD,*
ETIENNE ALLOT, MD, FACC
Nanrv
.
Frnnre
To determine the natural history of late potentials on the signal-
averaged electrocardiogram (ECG), multivariate analysis was
performed in 167 patients (138 men, 29 women) with a first
anterior or inferior acute myocardial infarction
. Seventy-four
patients received throrabolytic therapy ; the remaining 93 patients
were treated conventionally . All patients 'inclement coronary
angiography, left ventricular ejection fraction determination and
signal-averaged ECG recording .
Eight variables thought to he correlated with the presence of
late potentials were studied ; that is, age, infarct location, number
of diseased coronary vessels, left ventricular ejection fraction,
infarct-related coronary artery patency, treatment received, delay
between admissiot and signal-averaged recording and delay be .
About 10% to 15% of patients surviving acute myocardial
infarction will die within I year (1,2) and most of these
deaths will be due to the occurrence of a malignant ventric-
ular arrhythmia (ventricular tachycardia or fibrillation, or
both) (3,4). Previous studies (5-7) have shown that the
presence of late potentials on the signal-averaged electrocar-
diogram (ECG) is a good noninvasive marker of spontaneous
and inducible ventricular tachycardias, as well as a good
p-edictor of sudden cardiac death .
Large studies have established that in patients with acute
myocardial infarction, thrombolysis reduces mortality (8-
12), with a reduction in infarct size (13,14), thus preserving
left ventricular function . Other investigators (15,16) have
also shown that the incidence of late potentials is decreased
by successful thrombolytic therapy that is, a reperfused
coronary artery) . Finally, it is now well known that there is
a high correlation between the incidence of late potentials
and impaired left ventricular ejection fraction (7,17-21) .
The purpose of this work was to determine whether the
occurrence of late potentials in patients surviving a first
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tween admission and coronary angiography . Statistical analysis
showed that two Independent factors (coronary artery occlusion
and impaired left ventricular ejection fraction) were highly car .
related with the Incidence of late potentials . The occurrence of late
potentials was multiplied by 5 in case of an occluded infarct-
related vessel and by 1 .75 each time the left ventricular ejection
fraction value decreased by 0 .10 .
This study suggests that coronary artery patency is the most
important factor that decreases the rate of late potentials after a
first acute myocardial infarction and it occurs independently of
infarct location and left ventricular function .
(J Am Coll Cordial1991;18 :1638-42)
acute myocardial infarction and treated with conventional or
throtnbelytic therapy may be related to factors such as age,
infarct location, number of diseased coronary vessels, ejec-
tion fraction, coronary artery patency and success or failure
of thrombolytic therapy
.
Methods
Study patients . Patients were included if they fulfilled the
following criteria: 1) diagnosis of an acute Q wave myocar-
dial infarction defined by the usual criteria (that is, typical
chest pain, development of Q waves on the ECG and
significant increase in the level of total serum creatine kinase
and creatine kinase-MB cardiac isoenzyme) ; 2) age <75
years ; 3) absence of intraventricular conduction delay (QRS
complex w120 ms), bundle branch block, atria) fibrillation or
ventricular pacing on the ECG ; 4) absence of prior myocar-
dial infarction according to history and ECG ; 5) absence of
coronary artery bypass grafting surgery or coronary angio-
plasty during the protocol ; and 6) survival to completion of
the protocol .
The study group consisted of 167 consecutive patients
who met the inclusion criteria and were referred to our
institution between July 1987 and April 1990, Among them,
74 patients admitted within 4 h after the onset of symptoms
were treated intravenously either by streptokinase (n = 46) .
recombinant tissue-type plasminogen activator (rt-PA) In =
e735-In97191153 .50
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10), anistreplase (n
-
20) or urokinase (n = 6). The remain-
ing 93 patients received conventional therapy because of
their late arrival to the hospital In - 88) or contraindication
to thrombolysis: recent gastrointestinal bleeding In = 31 .
history of malignant tumor in
-
I) or recent cerebrovascular
stroke (n = 1).
Throughout the study, the only antiarrhythmitc treatment
used was intravenous lidocaine, which was given to all the
patients during the I at 3 days after myocardial infarction . .All
patients gave informed oral consent for their participation in
the study as approved Ly our Institutional Committee nit
Human Research .
Coronary angiogrsphy . Coronary aneiography was per-
formed a mean of 17 ± 7 days (range 3 to 61) after myocardial
infarction. All angiegrams were reviewed by two experienced
angiographers who determined 1) the perfusion status of the
infarct-related vessel according to the Thrombolysis in Myo-
cardial Infarction (TDMII Trial classification (12) (coronary
patency was defined by a grade a2) : and 2i the number of
diseased vessels (one, two or three diseased vessels) as defined
by the Coronary Artery Surgery Study (CASS) (22) .
Left ventricular ejection fraction
. This measurement was
performed a mean of 17 ± 7 days (range 3 to 61) after
myocardial infarction and calculated by a computer, accord-
ing to the area-length method, from a cineangiogram in the
right anterior oblique view
.
Signal-averaged ECG, Recordings were performed a
mean of 22 ± 7 days (range 7 to 68) after myocardial
infarction. Signal-averaging of the surface QRS complex was
performed according to the method described by Simson
(23), using the three standard orthogonal bipolar X . Y and Z
leads to record 200 cardiac beats it , a patient at rest . The
signal was amplified (x 10,000), digitized and filtered with a
bidirectional filter
. In our laboratory, the bandpass filter
used ranges from 40 to 300 Hz. The filtered leads were
combined into a vector magnitude VXf + Y= + Z'-. The
onset and offset of the QRS complex were determined by an
algorithm that calculated the total QRS duration (QRSd) and
root-mean-square voltage of the last 40 ms (RMS40) of the
total QRS complex. The signal-averaged ECG was obtained
with a high resolution electrocardiograph (Predictor
. Cora-
zonix Corporation) connected to an AT IBM microcom-
puter . The presence of late potentials . based on our labora-
tory experience with a 40-Hz high pass filter, was defined as :
QRSd a 120 ms and RMS40 25 gV .
Statistical analysis . Patients were classified into two
groups: group 1, patients with late potentials, and group 11,
patients without late potentials
. The following eight factors
thought to be related to the presence of late potentials were
analyzed: age, left ventricular ejection fraction, infarct loca-
tion
. number of diseased vessels, coronary artery potency,
treatment received (thrombolysis or not), delay between
admission and signal-averaged recording and delay between
admission and coronary angiography . The statistical analysis
was performed with a BMDP program (RbMDP Statistical
or CHILLOL ET AL
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Uni,nriate logistic regression analysis was first per-
formed with each of the eight variables to determine which
were significantly related to the presence of late potentials .
For the multivariate analysis, the significant variables were
entered in the logistic regression equation in a stepwise
fashion ;aasej on the maximal likelihood ratio: the first
variable entered was the one that gave the best improvement
of the chi-square test and so on for the following variables .
given that all previously entered variables remained in the
equation. The odds ratio was estimated for each variable
found to be correlated with the presence of late potentials
.
Tea b:;pnnam points mast be etophasized
: 1) the statis•
„cal interaction was studied io determine the influence of
each variable on the different relations found significant by
statistical analysis; and 2) we did not perform a dichotomous
(quantitative) analysis_ with a cut point value for left ventric-
ular ejection fraction . but used a qualitative analysis consid-
ering the point by point variation of the ejection fraction
value . Statistical significance was defined as p < 0
.05 .
Results
Comparison of patients with or without late potentials
.
Clinical, angiographie and signal-averaged data and results
of univariate analysis are summarized in Table I
• In this
study
. the rate of late potentials after a fiat acute myocardial
infarction was ?ono (33 of 167) . Patients with late potentials
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Table 2. Clinical and Angiographic Data and Incidence of Late
Potentials According to the Treatment Received in 167 Patients
m CHILLOU ET AL .
LATE POTENTIALS AFTER MYOCARDIAL INFARCTION
(group 1) were not significantly different from patients with-
out late potentials (group 11) with regard to age, infarct
location, number of diseased coronary vessels or treatment
received
. The delay between admission and coronary angi-
ography or signal-averaged ECG recording was also compa-
rable in the two groups. Group I patients had a significantly
prolonged QRS duration (129 vs . 103 ms) and a lower
root-mean-square voltage of the last 40 ms (16 vs . 50 AV) as
compared with group If patients . Two variables were signif-
icantly correlated with the presence of late potentials as
follows: 1) an occluded infarct-related coronary vestcl (p <
0 .00009) ; and 2) impaired left ventricular ejection fraction
(p = 0 .0001).
Comparison of patients with or without thrombolysis .
Table 2 summarizes the clinical and angiographic data and
the rate of late potentials in all patients according to the
trey„nest received
. There was no statistical difference be-
tween the patient groups w ::' and without thrombolytic
therapy with regard to age, infarct location, ejection frac-
tion, number of diseased coronary vessels and delay be-
tween admission and signal-averaged ECG . Coronary angi-
ography and ejection fraction measurement were performed
later in patients conventionally treated (23 '_ 8 vs . 9 ± 5
days, p < 0 .000001) . There was a higher grade of patent
infarct-related coronary artery in patients who received
thrombolytic therapy (74% vs
. 47%, p < 0 .001), but the
treatment received had no effect on the global occurrence of
late potentials
: 22% (16 of 74 patients) in case of fibrinolysis
versus 18% (17 of 93 patients) in case of conventional
treatment.
p Value
Abbreviations as in Table I .
The only interaction found was the influence of throm-
bolysis on the relation between the incidence of late poten-
tials and coronary artery patency (Table 3). Indeed, in case
of an occluded infarct-related coronary artery, the incidence
of late potentials was independent of the treatment received
(37% vs . 35%), but in case of an open infarct-related coro-
nary artery, the incidence of late potentials was higher in the
thrombolysis-treated group (16% vs . 0%, p < 0 .02). The
incidence of late potentials tended to be lower in case of
reperfusion obtained with thrombolytic therapy (16% vs .
37%, p = NS) . but was significantly lowered (0% vs . 35%,
p < 0.001) in case of spontaneous reperfusion.
Multivariate analysis. Multivariate analysis showed that
the two factors identified by univariate analysis (infarct-
related coronary artery occlusion and impaired left ventric-
ular ejecr:on fraction) were independent . The main factors
were, first, the persistence of an occluded vessel (p <
0.0002), which multiplied the odds ratio of late potentials by
5, and second, ejection fraction, which multiplied the odds
ratio of late potentials by 1 .75 each time its value decreased
by 0.10 (p < 0 .0007) . For example, considering a normal
ejection fraction value of 0.70, the odds ratio will be 1 .75 for
an ejection fraction of 0.60, 3 for an ejection fraction of 0 .50,
5.3 for an ejection fraction of 0 .40, 9 .2 for an ejection
fraction of 0.30 and 16 for an ejection fraction of 0.20.
Discussion
In this study, we report the results of a multivariate
analysis performed to determine the factors that correlated
with the incidence or 'ate potentials recorded a mean of 21 11
6 days after a first acute myocardial infarction in a group of
167 patients treated by thrombolytic (n = 74) or conventional
therapy (a = 93) .
Atwofold conclusion may be drawn from our data : 1) two
independent factors are highly correlated with the presence
of late potentials: the persistence of an occluded infarct-
related coronary artery and the impairment of the left
ventricular ejection fraction ; and 21 thrombolytic therapy
does not globally modify the incidence of late potentials as
compared with conventional therapy .
Left ventricular ejection fraction and late potentials . All
large previous univariale studies (7,17-21) have shown that
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Table 3. Influence of Coronary Patency on the Incidence of Late
Potentials According to the Treatment Received in 167 Patients
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there is a good correlation between the incidence of late
potentials and impaired ejection fraction . Our study is in
agreement with these works, but a'so indicates that 1) the
ejection fraction is independent of other factors such as
infarct location and coronary artery patency, and 2) there is
an exponential relation between the impairment of the ejec-
tion fraction and the odds ratio of the presence of late
potentials .
Coronary artery patency, thrombolysis and late potentials .
Several studies (15,16,24,25) have reported the correlation
between late potentials. coronary artery patency ana throm-
bolytic therapy . The results of these previous studies are
confusing . Gang et al . (15) studied 106 patients with acute
myocardial infarction and recorded a signal-averaged ECG
in the 48 h after the onset of symptoms . Among their
patients
. 44 received thrombolytic therapy with rt-PA and
the remaining patients were treated conventionally . The
investigators showed that the incidence of late potentials
was lower in the thrombolysis-treate
., group (5S'e vs
. 23% .
p = 0 .01) . Furthermore, among the patients treated with
rt-PA, the infarct-related coronary occlusion was related to
the presence of late potentials, which were present in 330r of
the patients with an occluded artery and in none of the
patients with an open artery (p < 0 .0]) . However- in their
study, signal averaging was repeated before ho,pital dis-
charge and the incidence of late potentials was no longer
s
latistica .l y different between the group that received throm-
bolytic therapy and the group that did not (5% vs . 18%,
respectivdy) . Zimmermann et al . (16),
who studied 231
patients Jfter myocardial infarction, also found a lower
incidence of late potentials in the thrombolysis-treated group
(10% vs. 23%, p < 0.05) and showed that the presence of late
potentials was correlated with the persistence clan occluded
infarct-related coronary artery
. Turitto et al . (24) evaluated
the incidence of late potentials 13 ; 2 days after mvocardial
infactior in I I8 patients. Among them, 46 received throm-
bolyttc therapy and the others were treated conventionally .
These investigators found no significant difference in the
incident . of late potentials in the two treatment groups
: 151
of patieo
a
in the thrombolysis group and ?I% in the other
group F-- ate potentials
. No statistical difference was found
in relatio, to coronary artery patency . but the incidence of
late pate i,.ls tended to he lower when coronary , artery
potency w,' observed (82 vs
. 251 in case of an occluded
arlelp). Sta stical signi f n .rr2c might have been reached in a
larger grow of patients .
These d'Terent studies point to a clirse relation between
coronary artery occlusion and the presence of late poten-
tials . In our study . multivariate analysis showed that this
factor was independent of left ventricular ejection fraction
.
It is now well established that thromholytic therapy in-
creases the rate of coronary rperusion . bar no important
decreased incidence of late potentials occurred it -, patients
receiving such therapy in all the studies we mentioned . h is
possible that delay between rtl'ucardial infarction and the
un CHILLOL En .sL
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signal-averaged recording or coronary angiography may bias
these results .
Limitations . One potential limitation of our study is that
it was not a randomized controlled study . However, many
large trials I8-11 .14) have established that thromholytic
therapy reduces the mortality rate in patients with acute
myocardial Warrior . Therefore, and for ethical reasons, it
seems difficult in 1991 to 'teat conventionally patients who
have no contraindication is, thrombolytic therapy .
Another potential limitation is that coronary artery pa-
tency may sometimes be spontaneous in the group of pa-
tients that receive thrombolysis . Indeed, it is well known
that coronary artery patency as well as the presence of late
potentials change with time after myocardial infarction (26-
28) . Possible bias due to these delays was studied in the
multivariate an?,vsis, which showed that the results did not
depend on the time at which signal averaging or coronary
angiography '•vas performed .
Conclusions. Coronary artery patency is the most impor-
tant and independent factor that reduces ale occurrence of
late potentials after a first acute myocardial infarction,
whether this patency is spontaneous or induced by fibrino-
lysis . Spontaneous reperfusion may even be a better protec-
tor from the occurrence of late potentials than thrombolysi
.s-
induced reperfusion . Impaired ejection fraction is the other
independent factor (rat correlated with the presence of late
potentials . The reduction in mortality induced by throm-
holytic therapy in the acute phase of a first myocardial
infarction may thus be due not only to the reduction in the
infarct sae, but also to enhanced electrical stability .
Further work should study the correlation between signal
avcroging, residual ischemia. collateral myocardial perfusion
and uitrastructural and histochemical myocardial infarct
injuries to improve our knowledge of the pathophysiologic
mechanisms of the arrhythmogenic substrate after acute
mvocardial infarction .
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